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SYSTEM AND METHOD FOR COMMUNICATING INFORMATION TO A 
MEMORY DEVICE USING A RECONFIGURED DEVICE PIN 

5 TECHNICAL FIELD 

The present invention is generally directed to semiconductor memory 
devices, and more particularly, to communicating information to and from the memory 
device. 

1 0 BACKGROUND OF THE INVENTION 

Semiconductor memory devices constitute an essential part of computer 
systems due to the relatively high access speeds obtainable and the generally low cost of 
such devices. One type of semiconductor memory device that is particularly advantageous 
is the dynamic random access memory (DRAM), which provides a relatively high memory 
15 density while also providing the lowest cost per bit of any memory device currently 
available. DRAMs include a single transistor and capacitor for each memory cell in a 
conventional memory cell array structure. Briefly, and in general terms, a logic state is 
stored in each memory cell of a DRAM by maintaining the capacitor in a charged state 
corresponding to a logic ‘1’ state, or in a discharged state, corresponding to a logic ‘0’ 
20 state. The transistor is operatively coupled to the capacitor and acts as a switch to control 
the charging and discharging of the capacitor. Since the capacitor may lose charge through 
capacitor leakage, a particular shortcoming present in DRAM devices is that the charge on 
the capacitor must be periodically refreshed in order to maintain an acquired logic state. 

Since DRAMs generally provide high memory density, DRAMs usually 
25 require a package having a relatively large number of pins in order to communicate signals 
from the DRAM to external circuits. For example, in a 32Mb x 4 DRAM device, 25 
address lines and four data input/output pins are required. In addition, other pins are also 
required for the operation of the DRAM memory device, including row address strobe 
(RAS) and column address strobe (CAS) pins, a write enable (WE) pin, and power supply 



2 


and ground connection pins (V cc and V ss ), among other pins. Since the number of pins 
generally adversely affects the size of the DRAM device package, and correspondingly 
increases the amount of “real estate” required on a supporting circuit board, if one or more 
device pins present on a device package are not used, it would be advantageous to 
5 reconfigure the pin so that it may be used for a different purpose. For example, a number 
of DRAM devices include a data mask (DM) pin, which is not used in certain DRAM 
devices. 

One possible use for an unused memory device pin that is to communicate a 
temperature value associated with the memory device to an external controller. For 
10 example, it has been observed that the refresh time for a DRAM memory cell varies 
inversely in proportion to the temperature of the cell, so that as the memory cell increases 
in temperature, it will require more frequent refreshment. Typically, the memory cell is 
refreshed at a frequency that corresponds to the highest cell temperature anticipated in 
service. As a result, if the memory cell operates at temperature that is significantly lower 
15 than the highest anticipated temperature, it will be refreshed more frequently than 
necessary. Since the time consumed by refresh operations decreases the time available for 
accessing information stored in the memory device, memory devices that are refreshed 
more frequently than necessarily generally decrease the operating speed of systems using 
the memory device. 

20 Another possible use for an unused memory device pin is to communicate 

parity check information from the memory device to an external circuit. Briefly, parity is 
an error detection procedure that is used to verify the integrity of digital data following a 
read operation. In general, a parity check includes appending an additional parity bit to 
each byte that reflects the number of ones present in the byte, which may be either even or 
25 odd. The parity check then proceeds by reading the byte and generating a new parity bit. 
The newly generated parity bit may then be compared to the parity of the bit appended to 
the byte. If the generated bit and the appended bit do not favorably agree, an error is 
indicated. 
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Still another possible use for an unused memory device pin is to 
communicate system channel information from a memory device to an external circuit. In 
general, before a read or write operation occurs in a memory device, the device receives a 
plurality of control signals in synchronization with pulses from a system clock. In 
5 response, a read or write operation occurs so that data is transferred in synchronization with 
the clock and within a prescribed data window, or “data eye”. In many cases, however, 
data may at least partially drift outside the data eye due to signal reflection, inductive cross 
talk between adjacent signal lines, variations in supply voltage, and noise due to thermal or 
other effects. 

10 Asa result, there is a need to provide a way to reconfigure selected pins on a 

semiconductor memory device to transfer data of various types. In particular, pins that are 
extraneous or otherwise unused on existing microelectronic memory devices may 
advantageously reconfigured to accomplish this purpose. 

1 5 SUMMARY OF THE INVENTION 

The present invention is generally directed to communicating information to 
and from memory devices. In one aspect, the invention includes a memory system having a 
memory device having at least one extraneous device pin, a memory controller configured 
to control the memory device and a signal path extending between the memory device and 

20 the controller that includes the at least one extraneous device pin, the signal path being 
operable to a transfer a selected memory system characteristic between the controller and 
the memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 is a functional block diagram of a memory system according to an 

embodiment of the invention. 

Figure 2 is a functional block diagram of a memory system according to 
another embodiment of the invention. 
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Figure 3 is a flow diagram showing a method for generating a time delay 
interval for the memory system of Figure 2. 

Figure 4 is a functional block diagram of a memory system according to still 
another embodiment of the invention. 

5 Figure 5 is a block diagram of a computer system according to yet another 

embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is generally directed to a semiconductor memory 
10 device having reconfigured pins to communicate information to and from the memory 
device. Many of the specific details of certain embodiments of the invention are set forth in 
the following description and in Figures 1 to 5 to provide a thorough understanding of such 
embodiments. One skilled in the art will understand, however, that the present invention 
may be practiced without several of the details described in the following description. 
15 Moreover, in the description that follows, it is understood that well-known circuits, control 
signals, timing protocols and software operations have not been shown in detail, or have 
been omitted entirely to avoid unnecessarily obscuring the invention. In particular, it is 
understood without further disclosure that memory devices may include one or more 
memory cell arrays arranged in a manner well known in the art, and may also include 
20 decoders, buffers, sense amplifiers, control circuitry and other circuitry as required. 

Figure 1 is a functional block diagram of a memory system 10 according to 
an embodiment of the invention. The system 10 includes a memory device 12 that is 
coupled to a memory controller 14. The memory device 12 of Figure 1 is exemplary, and 
in the specific embodiment shown in Figure 1, the memory device 12 corresponds to a 
25 DRAM. It is understood, however, that the memory device 12 may include other well- 
known memory devices. It will also be apparent that for clarity and simplicity, various 
components and interconnections are not shown. Such components and interconnections 
are generally well known and well within the knowledge of those skilled in the art. The 
memory device 12 includes a temperature sensing circuit 16 that is coupled to a sensor 18. 
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The sensor 18 may be comprised of any commonly available sensing devices. For 
example, the sensor 1 8 may include a thermocouple junction, or a resistance temperature 
device (RTD). Alternately, the sensor 18 may be a semiconductor-based device, such as a 
thermistor. The temperature sensing circuit 16 includes devices well-known in the art that 
5 convert relatively small voltages and /or resistances generated by the sensor 18 into an 
analog temperature signal having a suitable level that may be transferred to an analog-to- 
digital (A/D) converter 20. The A/D converter 20 may comprise any suitable A/D device 
known in the art to convert the analog temperature signal generated by the circuit 16 into a 
digital signal, but in a particular embodiment is a successive approximation device. The 
10 digital temperature signal generated by the A/D converter 20 may be transferred to a 
parallel-to-serial converter 22 along a parallel data line that couples the A/D converter 20 to 
the parallel-to-serial converter 22. The parallel-to-serial converter 22 is operable to convert 
the digital temperature signal to a serial format and to transfer the serial-formatted signal to 
a driver 24 that is coupled to an unused pin 26. 

1 5 Still referring to Figure 1 , the serial-formatted signal may be transmitted to a 

receiver 28 positioned within the controller 14, and subsequently transferred to a decoder 
30 that converts the digital signal into a form suitable for processing within a refresh 
counter 32. For example, the decoder 30 may be operable to convert the serial-formatted 
signal into a signal suitable for transmission along a parallel data line. The refresh counter 
20 32 is operable to determine a refresh interval suitable for the memory array (not shown) in 

the memory device 12. In contrast to prior art memory devices having a fixed refresh 
interval, the refresh counter 32 is configured to permit the refresh interval to be 
continuously variable based upon the temperature information transferred to the counter 32. 
The refresh interval generated by the refresh counter 32 may then be transferred to a control 
25 logic module 34 that, in turn, generates a refresh command signal 36 that is transferred to a 
refresh controller 37 within the memory device 12. 

Figure 2 is a functional block diagram of a memory system 40 according to 
another embodiment of the invention. The system 40 includes a memory device 42 that is 
coupled to a memory controller 44. As in the previous embodiment, the memory device 
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may be a DRAM, or other memory devices known in the art. The memory controller 44 
includes a data eye learning block 46 that is operable to determine time delay intervals that 
may be applied to read/write sequences for proper data centering. As discussed in more 
detail above, read and/or write operations from the memory device 42 must be properly 
5 synchronized with a system clock as data is interchanged between the memory device 42 
and other external circuits. In particular, the data to be transferred must be properly 
centered between pulses of the system clock in a prescribed data window or “data eye” 
order to be properly transmitted. For various reasons, data may drift relative to the data eye 
so that the data is no longer properly centered. For example, reflected signals due to an 
10 impedance mismatch may cause the data to be skewed relative to the data eye. Inductive 
cross-talk, temperature variations and supply voltage variations may also cause the data to 
drift relative to the data eye. The operation of the data eye learning block 46 will be 
discussed in greater detail below. 

Still referring to Figure 2, the memory controller 44 also includes a delay 
1 5 register 48 that is coupled to the data eye learning block 46 that is configured to receive and 

store the time delay intervals generated by the data eye learning block 46. Although the 
delay register 48 is coupled to the data eye learning block 46 by a parallel input line so that 
the delay register 48 is a parallel-input register, one skilled in the art will readily recognize 
that the delay register 48 may also include a serial-input register that is coupled to the data 
20 eye learning block 46 by a serial input line. Further, one skilled in the art will readily 
understand that the delay register 48 may also be configured to have a serial output. The 
delay register 48 may be further coupled to a parallel-to-serial converter 50 that is operable 
to convert parallel data to serial data when the delay register 48 is configured to provide a 
serial-formatted output. The parallel-to-serial converter 50 is coupled to the memory 
25 device 42 through the unused pin 26. The memory device 42 also includes a receiver 54 
operable coupled to the pin 26 and operable to transfer time delay interval data from the pin 
26 to a serial-to-parallel converter 56. A decoder and register 58 is coupled to the serial-to- 
parallel converter 56 that is operable to store the time delay interval data and to convert the 
coded data into another coded form, or even a non-coded form. The decoder and register 
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58 is further coupled to a plurality of drivers 60 that are coupled to device data pins 62. 
Accordingly, time delay interval data may be applied to the data DQO-DQn that is 
transferred to and/or from the memory device 42. 

The operation of the memory system of Figure 2 will now be discussed in 
5 detail. In particular, and with reference still to Figure 2 and also to Figure 3, the generation 
of the time delay interval data by the data eye learning block 46 will be described. Figure 3 
is a flow diagram that shows a method 70 for generating time delay interval data. The 
method 70 commences with a start step 72. Since the controller must have possession of 
time delay interval data before the system 40 of Figure 2 engages in normal memory 
10 operations in connection with any associated processing system, the step 72 is generally 
coincident with an initialization or “boot” procedure performed by the processing system. 
At step 74, the controller 44 of the system 40 initiates a write operation from the memory 
device 42 in order to evaluate the degree of offset of the data from the data eye. 
Accordingly, data DQO-DQn that is output at the data pins 62 is transferred to the data eye 
15 learning block 46 for this evaluation, which occurs at step 76. If the data DQO-DQn is at 
least approximately properly centered, the method 70 terminates at an end step 78, so that 
no time delay interval is applied to the data DQO-DQn during data transfer. Alternatively, 
if the data DQO-DQn is not at least approximately properly centered, the data eye learning 
block 46 generates a first approximation for a time delay interval and transfers the first 
20 approximation to the memory device 42, as shown in step 80. The method 80 then returns 
to step 74 to repeat the procedure, which recursively determines an optimized value for the 
time delay interval. One skilled in the art will readily appreciate that various well-known 
optimization techniques, such as linear programming methods, may be employed to assure 
convergence on an optimum value for the time delay interval data. 

25 Figure 4 is a functional block diagram of a memory system 90 according to 

another embodiment of the invention. The system 90 includes a memory device 92 that is 
coupled to a memory controller 94. In one particular embodiment, the memory device 92 
may be a DRAM, while in other particular embodiments, the device 92 may be still other 
memory devices, which are well known in the art. In any case, the memory device 92 
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includes a first exclusive-or (XOR) gate 94 that is coupled to data lines DQ0-DQ7 within 
the memory device 92, and is configured to determine a first parity state for the data on the 
data lines DQ0-DQ7 by successive comparison of the logic states on the data lines DQO- 
DQ7. The memory device 92 also includes a plurality of drivers 96 that are coupled to the 
5 data lines DQ0-DQ7 that are operable to transfer the data on the lines DQ0-DQ7 to 
corresponding receivers 98 in the memory controller 94. The first XOR gate 94 is coupled 
to the pin 26 so that the first parity state may be transferred to the controller 94. 

Still referring to Figure 4, the memory controller 94 further includes a 
second XOR gate 100 that is coupled to the data lines DQ0-DQ7 to determine a second 
10 parity state by successive comparison of the logic states on the data lines DQ0-DQ7. As 
discussed more fully above, a parity check generally proceeds by comparing the logic state 
of a parity and generating a new parity bit after the data has been read. The logic state of 
the first parity bit may then be compared to the logic state second parity bit. If the first and 
the second parity bits do not favorably agree, an error condition is indicated. Accordingly, 
15 the controller 94 includes a comparator 102 that receives the first parity bit from the first 
XOR gate 94 through the pin 26. The comparator 102 also receives the second parity bit 
from the second XOR gate 100 and compares the logic state of the first parity bit to the 
logic state of the second bit. If the results do not agree, a parity flag is generated by the 
comparator 102. In one particular embodiment, the comparator 102 may be an exclusive- 
20 nor (XNOR) gate, although other logical devices may be used to compare the logic states of 
the first and second parity bits. 

Figure 5 is a block diagram of a computer system 110 including computer 
circuitry 112 that is coupled to at least one of the memory system 10 of Figure 1, the 
memory system 40 of Figure 2 and the memory system 90 of Figure 4. In particular, the 
25 computer circuitry 112 is coupled to respective memory controllers 14, 44 and 94 (as 
shown in Figures 1, 2 and 4, respectively) through address, data, and control busses to 
provide for writing data to and reading data from the respective memory devices 12, 42 and 
92 (as is also shown in Figures 1, 2 and 4, respectively). The computer circuitry 112 also 
includes circuitry for performing various processing functions such as executing specific 
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software to perform specific calculations or tasks. In addition, the computer system 110 
includes one or more input devices 1 14, such as a keyboard or a mouse that is coupled to 
the computer circuitry 112 to allow an operator to interact with the computer system 110. 
Typically, the computer system 110 also includes one or more output devices 116 coupled 
5 to the computer circuitry 112. For example, typical output devices may include a printer 
and a video terminal. One or more data storage devices 118 are also generally coupled to 
the computer circuitry 112 to store data or retrieve data from external storage media (not 
shown). Examples of typical storage devices 118 include hard and floppy disks, tape 
cassettes, compact disk read-only (CD-ROMs) and compact disk read-write (CD-RW) 
10 memories, and digital video disks (DVDs), as well as other storage devices known in the 
art. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
15 invention. For example, certain features shown in the context of one embodiment of the 
invention may be incorporated into other embodiments as well. Accordingly, the invention 
is not limited by the foregoing description of embodiments except as by the following 
claims. 



